Abstract: This paper proposes a novel three -phase voltage source inverter dead-time compensation 
Introduction

23
The dead-time is an efficient strategy which is adding blank time within complementary 24 switching signals to prevent arm-short. The series two switches circuit sharing a DC-link such a half-25 bridge, is activated complementarily to keep arm-short condition. However, in the actual switch, a 26 delay occurs within on/off operating due to the parasitic components, the series switches appear to 27 be shorted with a DC-link. The short circuit allows excessive current through the series switches,
28
causing serious system failure. Therefore, the reliability of the system can be guaranteed by injecting 
35
Especially, as shown in Figure 1 (a), a circuit structure such as a typical three-phase VSI in which 36 three legs share a DC-link must ensure a reliability of the system by applying dead-time. 
The equation ( 
97
Fourier series expansion [5] [11] . Where the δ is the phase angle between the q-axis and the three-phase current vector s I as shown Figure 3 . 
101
The d-q axis voltage error contains both the fundamental and 6n th harmonics distortion as equation (4) . Theses voltage errors cause discordance between the real output voltage of three-phase
103
VSI and the voltage references. Furthermore, the distortion components causing harmonic currents
104
which degrades the performance of the VSI. Therefore, in order to compensate the voltage distortions
105
due to the dead-time, the opposite voltage of the error voltage can be applied through the equation
The ACPVs of b, c -phases can be describe in similar way as equations (5), (6) which is a-phase 
120
In Figure 5 (a), the voltage ( ) 
Assuming that the capacitances 1 2 , C C and the charging/discharging potentials are equal, the 
From the equation (11) 
139
with the magnitude of the phase current. Therefore, to accurately compensate the distorted three-phase VSI output voltage, it is necessary to compensate for the appropriate switch delay according to the current magnitude because the influence of off T is remarkable in the low current region. 
144
The Figure 7 shows the simulation results of the circuit Figure 5 . the symbols 
In here, the 2 C v affects the output of the VSI since it is discharged with a slope depending on 149 the amplitude of a i as shown in Figure 7 . Therefore, the 2 C v should be properly compensated 150 because of it can't be actively controlled. 
153
The Figure 8 shows the waveforms of real switch and the phase currents to compare with Figure   154 7 which is simulation results. 
If each area is defined as equation (15), (16) 
Equation (2) can be redefined as equation (19), in order to properly compensate the output 170 capacitor in the low current region in which the switch turns off delay has the greatest effect on the 171 three-phase VSI.
The proposed DTCS
173
As mentioned above, the voltage error not only caused by dead-time distortion but also caused
174
by switch parasitic are should be compensated to obtain the ideal three-phase VSI output. In the equation (19), the generally dead-time d T is fixed value, but the delay time off T is not. Hence, the 176 precise off T has to be calculated according to the phase current levels in real-time for correct compensation. In this paper, the TCV is used to simplify the variation of off T [8], [15] . In addition, the novel implementation strategy is proposed to simplify the realizing trapezoidal shape voltage,
179
also the novel on-line TCV controller is proposed to robust for variating parameters.
180
A B C
The implementaion of the TCV based on the current position
181
The proposed DTCS uses synchronous reference frame transformation matrix and limiter 182 function to simplify realizing the TCV. Figure 10 shows the triangle waveform function ( ) f t , the 183 sinusoidal waveform function ( ) g t with peak value k and the trapezoidal waveforms utilizing them to comparing the outline. In Figure 3 , the position of the three-phase current d θ can be 185 calculated as follows using the d-q axis currents.
The three-phase sinusoidal waveforms, which is in phase with the three-phase current vector 
191
( ) ( ) ( 
200
The function ( ) g t can be express as ( ) ( ) Assuming that the output of ( )
V at the time t φ , the ( )
Therefore, the peak value k of the function ( ) g t obtaining slope of the width φ is defined 204 as equation (26) 205 ( )
The 
214
Using the previously defined equations (12), (19) and (26), it is possible to vary the amplitude of
215
APVE by responding to off T . However, there is limitations to actively react changing conditions. Therefore, a controller using the errors of the TCV is proposed to implement robust dead-time 217 compensation even unknown operating conditions.
218
While the influence of the dead-time appears 6n th harmonics in the synchronous reference 219 frame as equation (4), the TCV errors can be generated using them [16] . 
The controller error dd i is calculated from the d-q axis transfer matrix in equation (4) 
233
The d-axis current dd i based on 
247
By utilizing the results of the Figure 13 , the 6 th harmonic and 18 th harmonic can be selected as 1: , , , 0 : ,
Preprints
In Figure 14 , 
The analysis of the linear modulation region with dead-time and proposed DTCS
277
The distortion voltage that occurs in dead-time can be derived by using equations (3) 
The Figure 15 defines the phase ψ between the voltage reference and phase current. The equation (36), (38) can be derived as 
304
The degree 
The simulation results
351
The proposed DTCS is verified using the simulation software Psim. The three-phase VSI and DTCS
352
design the same as in Figure 18 , and the current controller is performed alone without outer control 
357
Detailed simulation specifications are shown in Table 3 .
358 Table 3 . The specifications of simulation. 
The experimental results
383
The experiment to verify the proposed DTCS is used three-phase VSI connected with DC-power Table 4 . 
446
In case of the DTCS is applied which only considers dead-time d T , the THD is very seriously 447 high at the low current region where the off T affects on the output voltage of the three-phase VSI.
448
And the THD becomes decease as the current amplitude increasing because of the off T effect is as 449 saturated APVE as reduced. These results show that it is worse when inaccurate compensation
450
voltage is applied than without any DTCS. In case of the any DTCS is not employed, the THD is low 451 in the low current region since the influence of the dead-time is disappear due to the off T . As the 452 amplitude of the current increases, the impact of off T is reduced. As a result, the current distortion 453 gradually increases. However, the THD is becomes lower when the current level is more raised 454 because of the duty ratio becomes enough large than the dead-time. The proposed DTSC shows much
455
lower current THD in all current ranges. Especially, at the low current region, the proposed algorithm 456 has a better performance than convention's by containing the on-line TCV controller. 
